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Young: Environmental Influence on Stickleback Fish Phenotype

Introduction
Gasterosteus aculeatus populations have primarily occupied oceanic habitats in
temperate regions. Their lineage has been subject to frequent research as the species
has developed greatly successful biological defenses against predation. As a result
of migration and geographic barriers, small subsets of marine stickleback
populations have become isolated in inland freshwater ecosystems. Freshwater
stickleback populations are faced with conditions differing tremendously from
those of their typical oceanic environment. Major discrepancies between these two
environments include the predative species present and incomparable water
chemistry in freshwater ecosystems (Barrett 2010). As stickleback populations are
displaying high levels of phenotypic variation, there is growing suspicion about the
potential for a speciation event between salt and freshwater sticklebacks.
Many researchers have been focusing specifically on the lack of lateral plates
seen in freshwater sticklebacks. Lateral plates act as a protective shield that evolved
in oceanic sticklebacks to defend against a higher abundance of predators
(Reimchen 1983). Other studies have contributed new information regarding the
influence of abiotic factors. Specifically, freshwater is low in sodium and calcium
ion concentrations, which prohibits the materialization of lateral plates (Barrett
2010). As research on this topic grows more abundant, we uncover information to
further understand biological and evolutionary concepts. The first of which being
the effect of pleiotropy, which is the capacity for a singular gene to maintain control
over multiple phenotypes. Further, studies on this topic can provide a more
thorough image of the ecosystem characteristics specific to different environment
types and allow for more accurate predictions regarding speciation or
endangerment events.
Variation in lateral plate count is caused by allelic combinations at the Eda loci
(Colosimo et al. 2004). When expressing the “full morph” phenotype, stickleback
individuals will exhibit a larger, more aggressive appearance to deter predators.
Further, the stickleback will produce a row of solid, abrasive plates which makes
swallowing the fish more challenging for predators (Des Roches, Bell, and
Palkovacs 2020). This trait increases the fitness of stickleback individuals, so
greater amounts of lateral plates are selected for in oceanic populations. As
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researchers have observed an increase in the frequency of stickleback populations
in isolated freshwater environments, the number of lateral plates on individuals
appears to decrease (Cresko et al. 2004; Keogh n.d.; Lucek et al. 2010; Barrett
2010; “Freshwater Influence Is Associated with Differences in Bone Mineral
Density and Armour Configuration in Threespine Stickleback (Gasterosteus
Aculeatus)” n.d.; Wiig et al. 2016; Colosimo et al. 2004; Bell 2001; Kitano et al.
2008). Scientists are now working toward providing statistical evidence to affirm
the observed decrease in plate count. This paper aims to compile research on the
number of lateral plates present in stickleback populations and determine the
strength of the evidence collected.
Regardless of which of these hypotheses is the most probable cause of change,
it is first necessary to find adequate support that there actually is a difference
between stickleback phenotypes in oceanic and freshwater environments. I
reviewed studies in this meta-analysis that have gathered data on the average
number of lateral plates present in individuals from both environment types. R
programming is used to compare average counts between differing environments
to decipher if a statistically significant difference is present between plate count for
freshwater and saltwater (oceanic) stickleback populations.
When conducting a widespread literature search, I found only one review paper
that analyzed evolutionary change in stickleback populations. Barrett (2010)
compiled an abundance of studies to identify molecular changes that produce
variation in lateral plate number. This review explains how variation in plate
number is genetically possible but does not specifically address what factors may
promote this variation. Barrett focuses on providing a genetic explanation for the
variation caused by Eda alleles, that this gene is pleiotropic, controlling multiple
phenotypes, and that mutations have occurred at this locus. The results of the paper
therefore only determined that a connection between Eda alleles and phenotype is
present. Since this review had been published in 2010, attention has shifted to what
appears to be a reverse in the directional selection for heavy lateral plating (Kitano
et al. 2008). With this, an abundance of new studies have been conducted on the
contrast in phenotypic observations, producing a much narrower experimental
question to analyze. As the focus of data has changed from genetic possibility to
determining influential environmental factors, I seek to study whether there is a
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difference in lateral plate count between populations from saltwater and freshwater
environments.
Methods
The databases I used to gather papers for this analysis were Google Scholar, Web
of Science, and FSU Online Library Database. To find papers relevant to this study,
I made use of the advanced search option, and employed the following terms:
Stickleback AND Lateral Plate OR Armor, Freshwater, Oceanic OR Saltwater OR
Marine, Environment, Reverse Evolution, and Predatory Adaptation. These words
were used interchangeably, and the search filter was marginalized to research,
reviews, and analyses where applicable. As a result, a sum of approximately 900
papers were found.
The papers found focused on assessing evolutionary change between
sticklebacks in different environments through analysis of lateral plate quantities.
However, I found different means of measurement among papers, such as length of
lateral plates, angle of abdominal curvature, general body shape, pelvic-spine
length, pelvic-girdle length, and body depth. This meta-analysis required that data
be offered in the form of lateral plate count. Lateral plate quantity is the focal point
of analysis because this trait is a direct result of allelic combinations at only the Eda
locus (Barrett 2010). This study specifically analyses plate count as it is
hypothesized to be the primary point of variation between populations from
differing environments (Barrett 2010). Further, papers that did not include both salt
and freshwater samples were excluded. Upon imposing my inclusion and exclusion
criteria, I narrowed the total amount of papers to 13. These studies were published
for the purpose of furthering research about stickleback expansion, recently
observed phenotypic variation, the concept of pleiotropy, and directional selection.
To compile only papers that offered statistics in the form in which I will be
measuring, my criteria was refined to exclude review papers, and include only
papers that collected data as integer counts (e.g., number of plates as 0,1,2,3…). In
this, the 13 papers previously mentioned contributed information included in this
publication, but data had only been extracted from 5. Figure 1 provides a visual of
the literature search process and inclusion/exclusion criteria.
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Figure 1: Literature Search & Inclusion/Exclusion Criteria

This meta-analysis separated the predictor variable into treatment and control
groups, fish from saltwater environments were recognized as the control. Saltwater
sticklebacks serve as the control group because marine environments were the first
recognized stickleback habitat (Lucek et al. 2010). In turn, fish from freshwater
environments represent the treatment group. Freshwater is a new stimulus,
appearing to produce additional phenotypic variation. The number of lateral plates
on individuals from each environment is used to determine if there is a statistically
significant difference. In other words, the effect size of environmental water
condition on stickleback populations is described in terms of difference in mean
lateral plate counts.
I utilized the resources of R Core Team (2022) to compile the data extracted
from each of the 5 papers. The “Meta” package was used to combine individual
effect sizes. Then, the “metacont” and “forest” functions were employed to provide
summary statistics and plots. The measurements included are continuous, and
counts were reported as integers (0, 1, 2, 3…). Difference in phenotype between
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populations in separate environment types can be assessed from the results
computed. I have presented a forest plot below (Figure 2) for standard mean
difference to promote the most accurate analysis of the data extracted. Standard
mean difference was chosen because the studies included showed great variation in
sample sizes and high levels of heterogeneity.
Results
To restate, the aim of this analysis is to determine whether there is significant
evidence supporting difference in the mean number of lateral plates in sticklebacks
from freshwater and saltwater environments. Effect size is measured as lateral plate
counts. Figure 2 provides a summary of the 2650 observations extracted from the
5 included studies. When referencing the Figure below, “e” signifies the
experimental group, or plate count averages from saltwater sticklebacks. Then, “c”
represents the control group, or plate count averages from freshwater sticklebacks.

Figure 2. Extracted Data

The test of heterogeneity produced a p-value of 0, indicating a considerable
amount of variation between the 5 included studies. For this reason, it is essential
that the random effects model is used for interpreting results. The high
heterogeneity value is likely a result of the diverse methodology employed in each
of these studies. A few factors to consider when analyzing this condition are that
the sample sizes in each study are very different, some studies included laboratory
trials, and specimen were collected from various regions of the world to promote
representation of as many phenotypic possibilities as possible. With regard for such
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high heterogeneity between studies, the standardized mean difference was used to
summarize combined effect sizes. The results indicate that there is no significant
difference in mean lateral plate count between sticklebacks from saltwater and
freshwater environments (SMD: -17.63, 95% CI: -38.91 – 3.64; Figure 3).

Figure 3. Forest Plot

Discussion
Statistics computed from the included data indicate no significant difference in the
mean number of lateral plates present in freshwater and saltwater stickleback fish
populations. The hypothesis tested in this report does not produce results that will
additionally confirm or deny Barrett’s (2010) findings focusing on relationship
between Eda alleles and phenotypic potential in sticklebacks. The topic of this
paper is to explore phenotypic changes as a direct result of selection impacting Eda
allelic frequencies among distinct habitat types (Colosimo et al. 2004; Kitano et al.
2008; Cresko et al. 2004). Lateral plate count is the measurement used for
phenotypic variation at the Eda loci. Then, salinity is recorded as the environmental
discrepancy.
Methodology has grown diverse among current experimental practices. For this
reason, it became difficult to compile data, many studies did not use similar
practice, resulting in low levels of control. To better assess the question under
analysis, studies should aim to provide more detailed reports of salinity levels as
opposed to generalizing treatment conditions to only fresh or saltwater. Another
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benefit is to have a more uniform manner of assessing the lateral plate phenotype.
Researchers categorize lateral plate observations in multiple ways, and the quantity
of studies that can be compiled narrows exponentially. To account for this, future
experiments and meta-analyses should assess multiple sub-questions so that larger
amounts of data can be included. As the first meta-analysis to assess the effects of
environment type on lateral plate variation in sticklebacks, these are the largest
challenges that were faced. Consequently, reporting exact salinity levels, including
organized counts for lateral plate phenotypes, and multidimensional hypotheses,
would offer more studies to draw data from. In evolutionary studies like this, it is
common to experience a very broad selection of papers assessing the same topic
but with hypotheses and testing methods too diverse to assimilate. As
macroevolutionary content promotes a wide variety of research questions,
marginalizing the experiments taking place at a given time or offering more detailed
observations could allow for researchers to produce more determinate conclusions.
However, with the resources available, the proposed hypothesis predicting that salt
versus freshwater environmental conditions encourage a discrepancy in lateral plate
phenotypes in stickleback fish populations, is not supported.
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